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A great many methods have been proposed for obtaining information about the CP phases α, β and γ of the unitarity triangle [1] . Almost all of these involve CPviolating asymmetries in hadronic B decays [2] . The aim is to test the standard model (SM) explanation of CP violation, and hopefully find evidence for physics beyond the SM.
The cleanest methods (i.e. those in which the theoretical hadronic uncertainties are very small) involve B decays which are dominated by a single amplitude, such as B 0 d (t) → J/ψK S . However, many decays receive contributions from both tree and penguin diagrams with different weak phases [3] . A-priori, one would think that one cannot obtain clean phase information from such decays. Fortunately, techniques have been developed for removing the unwanted "penguin pollution." For example, an isospin analysis of B → ππ decays allows one to remove this contamination and obtain sin 2α cleanly [4] , albeit with discrete ambiguities.
In fact, this isospin analysis gives us even more information. In particular, one can also obtain the magnitudes and relative phases of the tree (T ) and penguin (P ) amplitudes in B 0 d → π + π − [5] . It is therefore possible to compare the experimental value of |P/T | with that predicted by theory. If a discrepancy is observed, it would signal new physics [6] .
An alternative technique for obtaining α involves B → ρπ decays. By performing a Dalitz-plot analysis of B 0 d (t) → ρπ → π + π − π 0 decays, one can remove the penguin contributions from B → ρπ decays and obtain α [7] . Compared to B → ππ, the advantage of this method is that it is possible to extract both sin 2α and cos 2α, so that one obtains 2α with no discrete ambiguity. Another advantage is that it is not necessary to measure processes involving two final-state π 0 mesons. The disadvantage of this method is that one must understand the continuum background to such decays with considerable accuracy, as well as the correct description of ρ → ππ decays, and these may be difficult.
Here too there is enough information to obtain the magnitudes and relative phases of the tree and penguin amplitudes. Thus, one can measure |P/T | in B → ρπ. As in B → ππ, a comparison of this ratio with the theoretical prediction can reveal the presence of new physics. In this paper we perform such an analysis. As we will show, the B → ρπ method has two advantages compared to B → ππ for searching for physics beyond the SM in this way. First, the fact that there is no discrete ambiguity in 2α improves the prospects for finding new physics. Second, the |P/T | ratio is expected to be smaller than in B → ππ, which makes it easier to see a new-physics signal, should it be present.
We begin with a brief review of the B → ρπ Dalitz-plot analysis within the SM [7] . There are five B → ρπ amplitudes which satisfy a pentagon isospin relation. All amplitudes receive contributions from both tree andb →d penguin amplitudes. The tree amplitude is proportional to V * ub V ud , while the penguin amplitude has contributions from internal u, c and t quarks, proportional to V 0, we can eliminate the c-quark contribution. Furthermore, the piece proportional to V * ub V ud can be absorbed into the tree amplitude. Thus, the penguin amplitude includes only the t-quark contribution. It is convenient to rescale the amplitudes by e iβ , leading to the following expressions for the amplitudes:
where P 0+ = −P +0 . In the above we have explicitly written the weak phase α, while the T i and the P i include strong phases. (Throughout the paper, we use the subscript 'i' to denote all of the ρπ charge combinations: i = +0, 0+, +−, −+, 00.) The corresponding amplitudes for the CP-conjugate processes,S i , are obtained by changing the signs of the weak phases.
The key point is that all of the neutral B
We can therefore write
where the f i are the kinematic distribution functions, usually taken to be BreitWigner, for the pions produced in the decay of the ρ i . The B 0 d mesons can decay to the same final state:
The time-dependent measurement of the Dalitz plot for B 0 d (t) → π + π − π 0 then allows one to extract the magnitudes and relative phases of each of the f i , S ij andS ij in Eqs. (2) and (3) [7] . By taking the ratio of the relations
one obtains e −2iα . We therefore see that, using this method, the CP phase 2α can be extracted with no ambiguity.
It is also possible to obtain the tree and penguin contributions to the amplitudes in Eq. (2). We define the following observables:
Here B i , a i and 2α i ef f are, respectively, the branching ratio, direct CP asymmetry, and measure of indirect CP violation for each decay. We remark that each of 2α +0 ef f and 2α 0+ ef f are automatically zero since they involve charged B decays. (Note: the indirect CP asymmetry is usually written with an explicit mixing phase q/p = e −2iβ . This phase is removed when one rescales the amplitudes by e iβ as in Eq. (2).) We have
It is then straightfoward to obtain |T i | 2 and |P i | 2 :
where
Note that R i is proportional to B i [Eq. (5)]. The proportionality constant depends on which decay is being considered, see Eq. (2). Suppose now that there is physics beyond the SM. If present, it will affect mainly B is equal to that of the t-quark contribution to theb →d penguin. This is reflected in the fact that the weak phase multiplying the term P i in Eq. (2) is zero. If new physics is present, these two weak phases may be different. One can take this possibility into account by including a new-physics phase θ NP in the B → ρπ amplitudes:
The extraction of α is unchanged by the presence of the new-physics parameter θ NP (though its value may include new contributions to B . However, the expressions for T i and P i are modified. We now have
so that
,
The expressions for the T i and P i are therefore altered in the presence of new physics. Thus, by comparing the measured value of a particular |P/T | with that predicted by theory (within the SM), we can detect the presence of a nonzero θ NP . (It is also possible for new physics to affect the magnitudes of the T i and P i . This possibility is implicitly included in our method.) The first step is therefore to compute the theoretical value of |P/T |. However, there are many |P/T | ratios that can be considered. We concentrate only on the (colour-allowed) neutral decays
There are several reasons for this. First, the Dalitz plots for the charged B decays are much more difficult to obtain since they require the detection of two π 0 's. Second, the branching ratio for the colour-suppressed decay B 0 d → ρ 0 π 0 is expected to be quite a bit smaller than those
Finally, below we use factorization to estimate the theoretical size of the |P/T | ratios, and this is expected to be a good approximation for colour-allowed decays.
We therefore must calculate the size of the tree and penguin contributions to
As noted above, we use factorization to do this. The starting point is the effective hamiltonian forb →ūud decays [8] :
where O 1 and O 2 are tree operators and O 3 -O 6 are gluonic penguin operators. In the above we have included the u-and c-quark contributions to theb →d penguin, which come from the rescattering of tree operators. We have also neglected electroweak penguin and exchange contributions, which are expected to be small. The authors of Ref. [9] calculate the amplitudes for B 0 d → ρ ± π ∓ using naive factorization and including only the t-quark contribution to theb →d penguin. Adding the u-and c-quark contributions to this amplitude, we find
In the above, f ρ and f π are decay constants, f ub + and and A ub 0 are form factors, p is the final-state momentum, and a 2i−1 and a 2i are combinations of Wilson coefficients:
where N c is the number of colours. In order to minimize the theoretical uncertainty, we need to consider |P/T | ratios with as few theoretical parameters as possible. The ratio which has the fewest parameters is
We have 1.485 ≤ |V td /V ub | ≤ 2.660 at the 2σ level [10] and c 
The phase of c u 4 is set to zero in accordance with CPT [12] . Finally, there is the possibility of nonfactorizable effects in the decay B 0 d → ρ + π − . One way to take into account such nonfactorizable corrections is to treat N c as a free parameter in Eq. (14) . We therefore allow N c to vary from 3 to ∞. Taking all factors into account, we find the theoretical range for r within the SM to be 0.06 < r < 0.13 .
One can also calculate α s corrections to naive factorization using QCD factorization [13] . However, these corrections are small for B 0 d → ρ ± π ∓ decays [14] . (15), (18)], for two ranges of 2α, shown above each figure.
We note in passing that, while the |P/T | range in B → ρπ is ∼ 10%, in B → ππ it is expected to be ∼ 20-30% [6, 15] . We therefore conclude that the penguin pollution is likely to be more significant in B → ππ [9] . Moreover, if new physics is present, it will be easier to detect in B → ρπ.
Thus, within the SM, we expect the ratio |P +− /T +− | to lie in the range of Eq. (18). That is, 0.06
If it is found that the observables to do not respect this inequality, this points to the presence of new physics. As noted earlier, the CP phase 2α can be extracted from the B → ρπ method without ambiguity. We consider two possible ranges for 2α: (i) 120
• , which can be considered to take into account the experimental errors in the measurements. For each of these ranges, Fig. 1 
To summarize, the measurement of the Dalitz plot of B 0 d (t) → ρπ → π + π − π 0 decays allows one to cleanly extract the CP-violating phase 2α, with no discrete ambiguity. One can also obtain the individual tree (T ) and penguin (P ) amplitudes in these decays. By comparing the measured value of a particular |P/T | ratio with that predicted by theory, one can detect the presence of physics beyond the standard model. We find that the theoretical uncertainty is smallest for the decay B 0 → ρ + π − , for which we find 0.06 < |P +− /T +− | < 0.13. The region in (2α +− ef f , a +− ) parameter space (2α +− ef f and a +− are, respectively, the measured indirect and direct CP asymmetries) which corresponds to this range of |P +− /T +− | is rather small. This therefore provides a good way of detecting the presence of new physics.
